To identify the main sources of terrigenous sediments of the La Paz Lagoon, a description of the hydrology of the drainage basins and the mineralogy of the heavy fraction of the lagoon sediments is needed. In this work, 14 terrigenous sediment samples from the arroyos (dry streams) and 55 superficial marine sediment samples were collected from the study area. The drainage basins of the principal arroyos discharging into the lagoon were defined using geomorphologic analyses on Geographic Information Systems (GIS). The sediment samples' grain size fraction of 3.25 -3.00 phi was obtained by sieving. The heavy minerals were separated using bromoform and the mineralogical composition was determined using a petrographic polarization microscope. Three main sedimentary provinces in the lagoon were distinguished based on principal component analysis of the heavy mineral data and the study of the surrounding regional streams. The eastern sedimentary province is characterized by the predominance of orthopyroxene, especially hypersthene, as well as a high hornblende presence. This is due to the erosion of volcanoclastic sequences of the Comondú Formation and intrusive granitic complexes of Sierra de Las Cruces. The southeastern province displays a high abundance of hornblendes (up to 81% in some stations), micas, apatite, sphene, anatase, tourmaline, chlorite, clinopyroxene and orthopyroxene. Lower contents of amphibole (up to 27.2% in some stations) and resistant garnet and zircon minerals were found, as were some soft-pink piedmontite and pale-green hypersthene. These minerals were supplied by the El Cajoncito, Los Bledales, La Palma, Cardonal and El Novillo arroyos eroding the intrusive rocks of "Granito Sierra de Las Cruces", "Tonalita La Buena Mujer" and in a smaller extent the extrusive and non-marine rocks (tuffs, riodacites, conglomerates and sandstones) of the Comondú Formation. The predominant minerals of the northwestern province are clinopyroxene, orthopyroxene and phosphatic ooids. Relatively high abundance of olivine, hornblende, zircon, epidote and garnet were also found. These minerals are presumably supplied by the arroyos La Ardilla and other streams to the north of the El Centenario and El Comitán villages, as well as by eolian and littoral transport of the El Mogote sandbar dunes, which accumulates eroded sediments from the marine sedimentary rocks of El Cien Formation.
Introduction
The effect of the terrigenous input on the composition of marine sediments has always attracted the attention of sedimentologists (Martin and Meybeck, 1979; Kennet, 1982; Salomons and Förstner, 1984; Lisitzin, 1996; Chester, 2000) . Climatic conditions and the composition of rocks in the drainage basins are the principal factors that control sediment flux and distribution (Milliman, 1981; Chester, 2000) . Most of the studies were conducted in temperate climatic zones, where river input is permanent. In comparison, arid coastal areas are less studied, with some exceptions (Carriquiry and Sánchez, 1999) . These authors showed the existence of two different terrigenous sediment sources for the Upper Gulf of California based on the results of heavy mineral analysis. The southern part of the Baja California peninsula also experiences an arid or semiarid climate. Around the La Paz Bay, the annual rainfall is relatively low (100 mm y -1 ) (Farfán and Cortez, 2005) . After the passage of tropical cyclones (typically between July and November), episodic water discharge through dry streams (arroyos) supply solid and dissolved materials to the coastal marine environment (Silverberg et al., 2007) .
The area adjacent to the La Paz Lagoon, which is part of the much larger La Paz Bay, includes the junction of three geologic subprovinces (Sierra La Giganta, Llano Purisima-Iray and Region del Cabo), each with different geological settings and rock composition: sedimentary, volcanic and intrusive respectively (Hausback, 1984; Aranda-Gómez and Pérez-Venzor, 1988; Álvarez-Arellano et al., 1997; Anónimo, 1999) . The dry streams transport eroded rock sediments into the lagoon during episodic high precipitation events. The sediments of this marine embayment presumably are the product of source rock erosion, in conjunction with the effects of tidal currents and wave action , 1996 Godinez-Orta et al., 1997; Rodríguez-Meza, 1999; Salinas-González, 2000; Shumilin et al., 1998 Shumilin et al., , 2001 .
The objective of this study is to infer the main sedimentary provinces in the La Paz Lagoon using heavy mineral distribution in bottom sediments, while coupling this information with geomorphological and lithological analyses of the drainage basins of arroyos discharging into the lagoon.
Materials and methods

Description of the study area
The study area is located in the southern part of the Baja California peninsula in Northwestern Mexico. The La Paz Lagoon is located to the south of the La Paz Bay and is adjacent to the north coast of La Paz city. This lagoon is receiving episodic discharges from La Ardilla, San Pedro, El Novillo, El Cardonal, La Palma, Los Bledales and El Cajoncito arroyos. These arroyos cut through volcanic and volcanoclastic rocks of the Comondú Formation (Hausback., 1984) , marine rocks of the El Cien Formation (Fischer et al., 1995) , intrusive basement rocks of the "Granito Sierra de Las Cruces or Tonalita La Buena Mujer" (Aranda-Gómez and Pérez-Venzor, 1988) and alluvial deposits (Figure 1) . 
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Sampling, analysis and statistical treatment of data
To study the mineralogy of the sediments of the lagoon and the adjacent arroyos along the coastline, two series of samples were obtained in October 1996: 14 samples of sediments of the arroyos and 55 samples of marine superficial sediments (Figure 1 ). These samples were dried under ambient conditions and then at 60°C in an oven overnight. Standard sieves were then used to separate the 3.25 -3.00 phi fraction, which corresponds to very fine sand in the Wenthworth grain size classification. To separate the heavy minerals, the obtained subsamples were treated using tribromomethane (bromoform) with a density of 2.89 g cm -3 . The relative contribution (%) of the heavy fraction was determined in this stage. Then, the principal constituting heavy minerals were identified with a petrographic polarization microscope in immersion liquid with a refractive index of 1.655. To identify the non-transparent minerals (ilmenite, leucoxene, hematite) a reflected light adapter was activated. The quantity of magnetite was assessed by moving a magnet under the microscope stage. In every analysis, at least 300 individual grains were counted. Heavy mineral abundance data was analyzed using STATISTICA software, including P-and Q-mode principal component analysis (PCA) with Varimax rotation, which allowed to establish the different sedimentary provinces. Surfer 8 software was used to interpolate the spatial distributions of the abundance of diverse minerals in the heavy fraction of the marine sediments. A GIS spatial analysis with Arcview 3.2 was applied to correlate the geomorphologic data of drainage basins of the arroyos, regional lithologies, and spatial distribution of representative heavy minerals in the sediments with the related sedimentary provinces in the lagoon.
Results and Discussion
Spatial distribution of heavy fraction of sediments
The spatial distribution of the heavy fraction (HF) of the lagoon sediments is displayed in Figure 2 . The highest relative contents of HF (10% -41.8%) were found near the isthmus of El Mogote sandbar. They decrease when moving away from the coast into the lagoon (5-10%) and reach their minimum values in the sediments of the central part of this embayment (less than 5%). Elevated abundances of HF (5-10 %) were observed in the southern part of the lagoon. The highest contents of HF are presumably due to the eolian supply of the sediments originally brought to the isthmus of El Mogote sandbar by littoral transport from the La Paz Bay, where they appeared as a result of the weathering of the surrounding rocks. Slight enrichment of HF in the southern part of the lagoon is due to the supply of sediment from related drainage basins. The elongated HF enrichment strip in the tidal channel is controlled by the water circulation pattern in the lagoon, which is strongly affected by tidal movements (Salinas-González, 2000) . This is a typical situation for most similar lagoon systems.
Mineral composition of heavy fraction and principal mineral associations
The full set of original data on the mineralogical composition of each sample can be given on request to the principal author. The ranges and mean contents of the studied minerals in the heavy fraction of the terrigenous and marine sediments are presented in Table 1 . The principal feature of the data is their high variability. Heavy mineral contents higher than 5% in the sediments collected in arroyos correspond to the following sequence: brown-green hornblende (21.7 %) > hematite (15.1 %) > magnetite (13.8 %) > ilmenite (9.5 %) > clinopyroxene (8.7 %) > phosphatic ooids (7.0 %) > epidote group (6.3 %) > orthopyroxene (hypersthene) (5.0 %). Such enrichment of HF in the marine sediments is represented by the next set: brown-green hornblende (22.1 %) > clinopyroxene (16.5 %) > orthopyroxene (hypersthene) (13.9 %) > phosphatic ooids (13.4 %) > ilmenite (6.8 %) > epidote group (5.9 %).
A comparison of the two series shows that brown-green hornblende, ilmenite, clinopyroxene, phosphatic ooids, epidote group, and orthopyroxene were present in both terrigenous and marine sediments, while hematite and magnetite contribute less than 5% to marine sediments.
Representative examples of the spatial distributions of some minerals or mineral groups are shown in Figure 3 . Orthopyroxene is concentrated to the north of the mouth of the lagoon and in its western and eastern coastal margins. Phosphatic ooids are more abundantly accumulated in the northern margin near the El Mogote sandbar, as well as in the southern margin of the lagoon. Opaque minerals (ilmenite, magnetite, hematite and leucoxene) were found mainly in the western margin of the lagoon, in the middle of the tidal channel and to the north of the mouth of the embayment. Hornblende tends to accumulate in the southern coastal margin of the lagoon, mostly in shallow areas. The spatial distribution of this mineral is at least partially controlled by hydrodynamics, because of its low density. Resistant minerals (garnet, zircon, apatite, sphene, tourmaline, anatase and rutile) are noticeably enriched in the HF of sediments in the southern margin and the central part of the tidal channel. Epidote group minerals (epidote, zoisite, piedmontite) are mainly found in the HF of the western margin of the lagoon. The results of the R-mode factor analysis (Bopp and Biggs, 1981) with Varimax rotation (minimum eigenvalue of 0.5) of the whole set of data are presented in Table 2 . This mode of analysis enables associations of heavy minerals to be discerned. The main percentages of total variances are mainly controlled by four factors: Factor 1 (17.4 %), Factor 2 (10.7 %), Factor 3 (9.7 %) and Factor 4 (7.9 %). Factor 1 reveals the highest negative scores for phosphatic ooids and clinopyroxene, and the highest positive values for browngreen hornblende, biotite, actinolite and sphene. Factor 2 is characterized by high negative scores for hematite, magnetite, ilmenite and rutile. Factor 3 shows the highest positive scores for epidote, calcite/aragonite, non-identified rock fragments, brown hornblende and leucoxene. Factor 4 has the highest positive scores for tourmaline, apatite, sphene and zircon. Factor 1 probably corresponds to a mafic intrusive rock source. Factors 2-4 reflect igneous and metamorphic provenances. A specific feature of the Factor 3 mineral association is the presence of rock fragments and sedimentary minerals from reworked igneous and metamorphic rocks.
The Q-mode PCA makes it possible to characterize patterns of spatial distribution of mineral associations in the sediments. The results of this analysis showed different behavior for the four obtained factors with the following percentages of variance for each: Factor 1 (26.3%), Factor 2 (18.5 %), Factor 3 (3.9 %) and Factor 4 (3.3%) ( Figure  4) . Factor 1 is characterized by the highest positive scores from the northern to the central part of the lagoon near the El Mogote sandbar and negative scores only in the southeastern and southwestern areas (Figure 4a ). This factor could be controlled by sediment transport from El Mogote sandbar by eolian activities and tidal currents. The second factor reveals the highest positive scores in the southeastern and southwestern areas of the lagoon and the highest negative scores in the northern and western sections (Figure 4b ). This factor seems to be related to the sediment input by the San Pedro, El Novillo, Cardonal, La Ardilla, Los Bledales and El Cajoncito arroyos. Factor 3 shows the highest positive values in the northwestern and southwestern parts of La Paz Lagoon and negative values in the southern and eastern parts (Figure 4c ). This third factor is possibly controlled by La Ardilla and other arroyos of El Centenario and El Comitán 
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villages. Factor 4 reveals the highest positive scores to the north from the mouth of the lagoon and highest negative scores near the western coast of the La Paz Lagoon ( Figure  4d ). This source seems to be related to littoral, eolian and wave transport of the eroded El Mogote isthmus, enriched in phosphatic grains
Contribution sources
The mineralogical distribution of the La Paz Lagoon could present a relationship with the surrounding rocks. Sources of marine sediments can be inferred from the mineralogy of the arroyo sediments, associated with lithologies of their drainage basins. The mineral distribution could also be controlled by lagoon water circulation or high-energy events like hurricanes that can severely alter the spatial distribution by mixing the sediments. Factors 1 and 4, defined by Q-mode factor analysis, can be spatially integrated into one mineralogical zone. The results of the factor analyses, the drainage basins of the arroyos, and the description of the surrounding lithologies allows three individual sedimentary provinces in the La Paz Lagoon sediments to be distinguished, each one with its own mineralogical association groups ( Figure 5 ). These provinces are: east, southeast and northwest.
The eastern province is influenced by arroyos eroding volcanoclastic sequences of Comondu Formation like "Toba Las Calaveras," "Toba El Caimancito" and "Brecha y Conglomerado Volcanicos Balandra" (Hausback, 1984; Aranda-Gómez and Pérez-Venzor, 1988) , as well as an intrusive granitic complex referred as "Granito Sierra de Las Cruces" (Aranda-Gómez and Pérez-Venzor, 1988) . Most of the recent alluvial deposits could have the composition of these granitic rocks.
The southeastern province is mainly affected by the sediment input from the San Pedro, El Novillo, Cardonal, La Palma, Los Bledales and El Cajoncito arroyos. The specific feature of this province is a high percentage of subangular minerals, which indicates shorter transport distance from the eroded rock. Resistant minerals like garnet, zircon, apatite, sphene, tourmaline, anatase and rutile are also enriched in this province. The mineral association corresponding to this province is probably related to the weathering of the intrusive rocks of "Granito Sierra de Las Cruces", "Tonalita La Buena Mujer" (Aranda-Gómez and Pérez-Venzor, 1988) or the extrusive and non-marine rocks (tuffs, riodacites, conglomerates and sandstones) of the Comondú Formation (Hausback, 1984; Aranda-Gómez and Pérez-Venzor, 1988) .
The northwestern province is characterized by the deposition of sediments carried by La Ardilla and other arroyos to the north of the villages of El Centenario and el Comitán. The minerals comprising the sediments of this part of the lagoon probably derive from the weathering of sandstones and conglomerates to the west. A significant number of these dry streams go through alluvial deposits that do not allow the exact source to be established because the sediments could travel long distances. The presence of phosphatic ooids could be due to the erosion of marine sedimentary rocks like the El Cien Formation (Fischer et al., 1995) , which is reported to have phosphorite rock layers. The littoral, eolian and wave transport of the eroded El Mogote back beach dunes (Nava-Sánchez and Cruz-Orozco, 1989; Rodríguez-Castañeda, 2002) could also influence the mineral distribution of this province. This zone, roughly corresponding to a high abundance of HF in the sediments (>20 %) is also enriched in As, Cd and lanthanides, which are commonly associated with phosphatic rocks (Rodríguez-Meza, 1999; Shumilin et al., 2001) . According to the results of Rodríguez-Castañeda (2002) , some element enrichments in the La Paz Bay sediments along El Mogote sandbar have natural origins, and are not caused by the phosphate mining activities of the Roca Fosfórica Mexicana Company.
Conclusions
The maximum abundance of HF (41.8% -10%) was found near the isthmus of El Mogote sandbar, decreasing away from the coast (5-10%), with minimum values in the central part of the lagoon (less than 5%).
The principal heavy minerals with abundances higher than 5% display the following sequences: a) browngreen hornblende > hematite > magnetite > ilmenite > clinopyroxene > phosphatic ooids > epidote group > orthopyroxene (hypersthene) for arroyo sediments and b) brown-green hornblende > clinopyroxene > orthopyroxene (hypersthene) > phosphatic ooids > ilmenite > epidote group for marine sediments. Each individual mineral has a different spatial distribution in the lagoon. Hornblende accumulates in southern shallow areas. Orthopyroxene is more frequent north of the mouth of the lagoon and in the western and eastern margins. Phosphatic ooids are more abundant in the northern margin, near the El Mogote isthmus. Opaque minerals are found in the western margin, in the middle of the tidal channel and in the La Paz Bay, near the mouth of the lagoon. Epidote group minerals prevail in the western margin of the lagoon.
Some associations of minerals were defined via the application of R-mode factor analysis. Factor 1 reveals the importance of phosphatic ooids and clinopyroxene, brown-green hornblende, biotite, actinolite and sphene. Factor 2 unifies hematite, magnetite, ilmenite and rutile. Factor 3 corresponds to the association of epidote, calcite/ aragonite, non-identified rock fragments, brown hornblende and leucoxene. Factor 4 associates tourmaline, apatite, sphene and zircon.
Mineralogical provinces
Three individual sedimentary provinces (eastern, southeastern and northwestern) can be distinguished in the La Paz Lagoon sediments based on Q-mode factor analysis. The eastern province is influenced by arroyos eroding volcanoclastic sequences of the Comondu Formation and the "Granito Sierra de Las Cruces" intrusive granitic complex. The southeastern province is defined by the inputs of arroyos to the south of the lagoon that erode intrusive complexes, as well as extrusive and non-marine rocks (tuffs, riodacites, conglomerates and sandstones) of the Comondú Formation. The northwestern province is affected by littoral, eolian and wave transport of the eroded El Mogote isthmus, enriched in phosphatic grains generated by the weathering of the El Cien Formation marine rocks.
